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Comparison : gradient method vs. 3rd order polynomial 
when finding the period of a line pattern
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Hysteresis of a stick-slip motion
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Residuals for Maxwell capacitors at 440 V range
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Hysteresis loops simulated with Maxwell capacitors
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Hysteresis loops at 50 V scan range
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Residuals for 50 V voltange range
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Residuals for 275 V voltange range
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Residuals for 440 V voltange range
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slope of hysteresis loop versus scan range
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Performance of variations of Coleman-Hodgdon
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Residuals for 440 V voltage range
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Tilt of the hysteresis for different scan frequencies
-1.5
-1
-0.5
0
0.5
1
1.5
-150 -100 -50 0 50 100 150
<- control voltage [ V ] ->
<
- 
po
si
tio
n 
[ µ
m
] -
>
0.2 Hz
2 Hz
20 Hz
scan frequency
'& )7 6	 	
 
 %&J	 ! 	 
 	
)) 		 	 JK 	 %& 	  
	 %	 !
	 E	 
 !?&
)  * 	 !?&
 	   		
! 	 	 
  %) ;	 		 	  !  J B	
 
 	! 	  
%  	    	 	 	)
)  
 55
"
#  
 

 α 
α



α 
α
0
 


'& )/7 8
 	   
 & 	 
  	)  
	   &  	 		 	* 	  +
   
 %  	
	%	 
P	 )   B &  &	 	 J 
 
 
 
	 	 E
 	* +
   	 & 	& 	 	 
)
59 	 ) 

 	& 	  	 		 ! 	 	 )
 ' 	  &  		 	 B	  	&  	 	 	 
 &	 	 J 
 
   	  	  + 
   
 	&
	  +& )/)
  	   ")/$ & 	  ! 	 
) 8
	& * 		  + 	 B	 ")/$ 	  
 	 		 *	
	   ) (	 	  * 		 	 %   ! 	
  
 
& 	  	 
 	 ! 	 	
 )  

 ! 	  	  	 + & 	 % &		 
+) )/  %	 
& 	 
		   	 JK 
	& 	%	)
6 + 
  	 	 
  	 ! 	 JK B) 8 B
	  * 
	 
	 %	 *& 
& 	 	& 	 !
	  	  
 	 + 
 )  	 
	&  B &   &	
! 
  
  ! 	 & 	& 	 
  	 	
 
	 
	  7
 
   + 
   
 ")0$

 '


%P


 +& )/)   &	 ! 
  
  		   	 

!?&
 ,  	  !
	  , ! 	  B & 
  
7
 
    ,  
  ) ")$
#  ! 	 B 	    
  	 	  
% * % 	 
 !?&
) 8 !&	 	 ! B 	
*	 E	 %	 E	 
+  	 %	 		 	  		
! 	     	
 & 	 
	 
 
	Pp

 ! 	 %	
 
  
  
 	 ! 	 E	) : 	 

&
 ! 
 	%	 
  	  
  	 	   ")/$)  	
 	 	 	  B ! ")/$   	 	  
%&) ! 	 
	&	 ! 
 	 	 	    	
   	 
	 %	) 6 !  
	 %	 & 	 


  
 
 " 	  &	 ! 
 	   	 	 	 
 
 , 
  
   ,  
 

  


  
 ) ")$
  &	 ! 
  
 , 
  
  	    	 !
?&
 ,  	 	 ! %	 % 
  &	   	 %	 
)  
 52
0.1 0.2 0.4
0.6 0.8 1.0
1.4172.5
230.0
287.5
345.0
402.5
0.8
0.9
1.0
1.1
1.2
1.3
k
Measured coefficient k of the hysteresis tilt versus 
voltage range and scan frequency
frequency [Hz ]
range [V ]
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Measured coefficient k  decays exponentially with the 
scan frequency for all voltage ranges
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Measured coefficient k is linear in the voltage range for 
all scan frequencies 
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Residuals of the fit for 35 V at 0.1 Hz
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Simulated response of a hysteretic piezo at a step in z-
direction
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